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As part of this interest, the possibilities of lasing homonuclear mole 
cules such as H1? or N? directly without the use of permanent dipole addi- 
tives is being studied.  Basically the idea is to produce an inversion in a 
gas by a high-pressure e-beam-stabilized electric discharge and then induce 
radiative transitions via collision partners or electric fields.  Of the 
many molecular possibilities, H? has been chosen as a likely candidate for j*^, 
such a laser because of its relatively short wavelength transitions (2.8^5 
and easily achieved population Inversion.^ Cain has been predicted over a 
bandwidth extending from 2.7^1 to lOy usiW the principle of collisionally 
induced dipole.  The magnitude of the—peak gain which occurs at 2.8y is 
proportional to pressure squared and for a mixture of 1 part H2 and 12 parts 
Xe equaj^-aprpfü^tffiarsry 5%/meter at 50 atmospheres. 

The Induced dipole laser (collisional or external electric field induced) 
represented by this study will be a unique, laser. The physics of this laser 
are different in many ways to more conventional lasers and the laser system 
would show these differences.  For example, the estremely wide bandwidth is 
a consequence of collisional phenomena at high pressures and not apparent in 
conventional lasers.gr-'Ptfe work at the Aerospace Research Laboratory builds 
on the scientific inrastigation and measurement of induced infrared activity 
carried out principally^ at the University of Toronto.  (The USSR appears to 
have some effort in the\lectric field induced laser as evidenced by the 
publication of Basov et.al.  We have found theoretically that an e-beara 
stabilized electric discharge can pump a mixture of high pressure Xe-Ha or 
D2 to storage densities on the order of 1 KJ/lit and be inverted so that 
lasing can occur between the 1 to 0 level of the vibrational states. Lasing 
is possible without pre-cooling the mixture. 
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TECHNICAI. PROGRAM 

Summary 

A study of the possibilities of tur hie  high power gas lasers is being 

carried out at the University of Washington. These lasers are also char- 

acterized by high energy stovage density and are suitable for efficient 

short pulse operation. This class of lasers is based on the use of homo- 

nuclear molecules which normally do not have an infrared radiation spectrum, 

except under special conditions when collisionally induced dipoles introduce 

both absorption and emission spectra. These lasers exhibit exceptionally 

broad band characteristics, low gain and high saturation power. 

As part of this interest, the possibilities of Using homonuclear mole- 

cules such as H- or N» directly without the use of permanent dipole addi- 

tives is being studied.  Basically the idea is to produce an inversion in a 

gas by a high-pressure e-beam-stabilized electric discharge and then induce 

radiative transitions via collision partners or electric fields. Of the 

many molecular possibilities, IL, has been chosen as a likely candidate for 

such a laser because of its relativelv short wavelength transitions (2.8y) 

and easily achieved population inversion.  Gain has been predicted over a 

bandwidth extending from 2.7y to lOy using the principle of collisionally 

induced dipole. The magnitude of the peak gain which occurs at 2.8y is 

proportional to pressure squared and for a mixture of 1 part H2 and 12 parts 

Xe equals approxiaately 5%/meter at 50 atmospheres. 

The induced dipole laser (collisional or external electric field induced) 

represented by this study will be a unique laser. The physics of this laser 

are different in many ways to more conventional lasers and the laser system 
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would show these differences. For example, the extremely wide bandwidth is 

a consequence of collisional phenomena at high pressures and not apparent in 

conventional lasers. The work ac the Aerospace Research Laboratory builds 

on the scientific investigation and measurement of induced infrared activity 

carried out principally at the University of Toronto. ' ' '  (The USSR 

appears to have some effort in the electric field induced laser as evidenced 

by the publication of Basov et.al.5 We have found theoretically that an e- 

beam stabilized electric discharge can pump a mixture of high pressure Xe-H2 

or Xe-D to storage densities on the order of 1 KJ/lit and be inverted so 

that lasing can occur between the 1 to 0 level of the vibrational states. 

Lasing is possible without pre-cooling the mixture. The preliminary details 

of this study were published in reference 6. 

During 1975, experimental apparatus was constructed to investigate the 

possibilities of a collisionally-induced dipole laser. The experimental 

tasks involved in using the apparatus during the report period will be 

described below. 

Technical Progress and Tasks 

As part of the new infrared laser program the following tasks are being 

studied during this report period: 

1.  Electron-Neutral Inverse Bremsstrahlung Measurements: The important 

effects of inverse bremsstrahlung on gain measurements was mentioned 

in reference 6. Accordingly a large portion of our research effort 

is devoted toward quantitatively assessing this phenomena. We fo e 

attempting to measure this continuum background absorption at th.ee wave 

lengths, 0.63y, 2.8y, and 10.6y in order to assess its wavelength 

dependence. Cursory measurements at 0.63y indicate no detectable 

absorption, as might be expected at our electron densities (0 (10 >/ 

cm3). On the other hand a rather complete survey of the absorption 
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vs E/N (electric field/no. density) at 10.6iJ has been done In N„ 

and H2 gases. A mixture of H2-Xe was also tried, but a mechanical 

failure of the e-beam foil window resulted In the mixture being lost. 

The absorption data § 10.6u was analyzed and compared with predic- 

tions.  Bar.ed on our numerical analysis of the Boltzmann equation 

for secondary electrons in the sustalner, we have computed the absorp- 

tion cross section to be expected on the basis of the theory of 

7 8 
Bekefl and Bunkin et.al.  The absorption coefficient is defined 

as the product NeN Qa, where Ne is electron density, N neutral den- 

sity ^and Qa is the absorption cross section. The results of this 

analysis is shown in fig. 1 for H2. While there is considerable 

scatter in the experimental results (vertical bars) there is good 

■ verlap wi  the predictions for the cross section as E/N. A 

similar gi.ph exists for R.« Measurements at 2.8y are being tried 

now. 

2. V-V Rate Measurement in D2: No measurements of the W rates in homo- 

nuclear molecule exists to our knowledge. We are attempting a mea- 

surement of the W rates in D2 via the laser fluorescent technique 

as part of our program. ü2 is being used Instead of H2 for the mea- 

surement because of the need to maximize the laser absorption.  But 

the results will presumably be similar to those of H . Measurement 

of V-V energy transfer rates will be obtained in vibrationally ex- 

cited D2 and HD. By absorbing a short pulse of HP laser radiation 

(=1 joule in 30 r.sec), the D2 molecules are excited to the first 

vibrational level. The V-V rates will be obtained by recording the 

time variation of the collision-induced spontaneous overtone emission 

radiation from the second vlbrational levels. The electrical dis- 

charge of the HF laser has been studied and is now operational. A 
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schematic of the experimental apparatus which was previously dis- 

cribed is shown in fig. 2. 

The main thrust of this project in the past 6 months has been 

optimizing the detection system and minimizing the scattering light 

from the HF laser which masks the weak fluorescence from D?.  Elec- 

trical noise from the discharge has been almost completely eliminated 

by using an aluminum Faraday cage which encloses the laser and its 

power supply.  In addition the detector and associated electronics 

have been shielded. Elimination of scattered laser light which inter- 

fers with the fluorescent signal has been difficult to achieve (laser 

power is a few megawatts, fluorescence power = 10 yW). The combina- 

tion of 2 multilayer dielectric filters in front of the detector and 

a C?H„ gas cell to absorb the scattered laser light closest to the 

fluorescence wavelength was insufficient. To eliminate additional 

reflections inside the pressure cell, a very steep cone was mounted 

on the back of the cell and painted with optical black as was the entire 

inner surface of the cell. This reduced the scattered light to a 

tolerable level, but it was found that the HF pulse vaporized the 

paint, introducing a foreign gas into the D2-Xe mixture, creating 

a fluorescent signal considerably greater than expected for D„. 

Presently an aluminum reflector is used in the back of the cell so 

that most of the light will be focussed back oit of the entrance 

window.  It was found that the lens system for collecting the fluores- 

cence was focussing only a few tenths of a percent; of the fluorescence 

onto the detector - an insufficient power to observe the signal. The 

lens was replaced by an elliptical reflector that increases the col- 

lected light on the detector by a factor of 6.  Furthermore, a current 

to voltage amplifier has been employed in the detection system that 

/ 
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has increased the responsivity to the point where the noise observed 

IS dominated by detector noise, while tnaiDtainJng a time con- 

stant RC < 1 ysec - i.e., we have achieved optimum detectivity for 

our detector. 

As a diagnostic for the detection system, the fluorescence of C02 

at 4.3y has been observed, following HF laser pumping of the 000 ■+ 

021 transition. A typical output of the detected fluorescence is 

shown in fig. 3.  In this figure the horizontal scale is in 5 psec/ 

cm while the vertical scale is in arbitrary units of fluorescent 

Intensity.  The HF laser pulse is short being only 0.2 ysec duration 

so that the resulting signal is nearly that of a simple experimental 

decay. As VV exchange between the modes of CO is extremely rapid 

(order of 2 collisions), the fluorescence corresponds to the radia- 

tive decay of the 001 level.9 We have measured the V-T relaxation 

rate to be px = 2.5 ± 0.5 msec - torr for the 001 level in pure C02. 

We will continue these measurements at high pressure and with 

foreign buffer gases to determine the influence of 3 body collisions 

after the fluorescence measurements for D2 have been accomplished. 

We have also measured the absorption coefficient of the principal 

absorbing rotational line of the C02 and the frequency difference 

between the laser signal and absorber for this line. 

i.    Gain Measurements:  No gain measurements on H2~Xe mixtu.es have been 

carried out during this period.  It was felt that this measurement 

should be delayed (until the inverse bremsstrahlung measurements 

were completed). 
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